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* NOTICES * 

Japan Patent Office is not responsible for any 
daaages caused by the use of this translation. 

1 . This document has been translated by computers o the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The formation method of the ruthenium oxide film characterized by introducing a ruthenium organometallic compound 
and oxidization gas into a membrane formation field, setting oxygen tension as 6 or less Torrs, and carrying out the vapor growth 
of the ruthenium oxide film on a substrate. 

[Claim 2] The aforementioned ruthenium organometallic compound is Ru (DPM)3, Ru (DMHPD)3, and Ru (C5H5)2. The formation 
method of the ruthenium oxide film according to claim 1 characterized by being either. 

[Claim 3] The aforementioned oxidization gas is the formation method of the ruthenium oxide film according to claim 1 
characterized by being gas which mixed two or more [ a kind of ] gas of oxygen, a nitrogen dioxide, and the nitrogen monoxides. 
[Claim 4] The reaction pressure for performing the aforementioned vapor growth is the formation method of the ruthenium oxide 
film according to claim 1 characterized by being 5 - 10Torr. 

[Claim 5] The formation method of the ruthenium oxide film according to claim 1 characterized by setting the aforementioned 
substrate temperature in the case of the aforementioned vapor growth as 500-600 degrees C. 

[Claim 6] The process which forms the 1st metal membrane through direct or an insulator layer on a semiconductor substrate. 
The process which forms a dielectric film on this 1st metal membrane. The process which forms the 2nd metal membrane on 
this dielectric film. It is the manufacture method of the semiconductor device equipped with the above, and the process which 
forms at least one side among the 1st metal membrane of the above and the 2nd metal membrane of the above introduces a 
ruthenium organometallic compound and oxidization gas, and is characterized by the bird clapper from the process which sets 
oxygen tension as 6 or less Torrs, and carries out the vapor growth of the ruthenium oxide. 

[Claim 7] The aforementioned ruthenium organometallic compound is Ru (DPM)3, Ru (DMHPD)3, and Ru (C5H5)2. The 
manufacture method of the semiconductor device according to claim 6 characterized by being either. 
[Claim 8] The reaction pressure for performing the aforementioned vapor growth is the manufacture method of the 
semiconductor device according to claim 6 characterized by being 5 - 10Torr. 

[Claim 9] The formation method of the ruthenium oxide film according to claim 6 characterized by setting the aforementioned 
substrate temperature in the case of the aforementioned vapor growth as 500-600 degrees C. 

[Claim 10] Formation of the aforementioned dielectric film of the aforementioned capacitor is TiO(Ba, Sr) 3, SrTi03, Pb(Zr, Ti) 
03, PbTi03 and 0 (Zr (Pb, Ln), Ti)3, or Bi4Ti 3012. The formation method of the ruthenium oxide film according to claim 6 
characterized by carrying out by forming. 

[Claim 1 1 ] The formation method of the ruthenium oxide film according to claim 6 characterized by having the process which 
forms a ruthenium film as a ground of the aforementioned ruthenium oxide before forming the aforementioned ruthenium oxide 
which constitutes the 1st electrode of the above, or the 2nd electrode of the above. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the method of forming a ruthenium oxide film using the 
raw material of an organometallic compound, and the manufacture method of the semiconductor device containing the 
manufacturing process of oxidization RUTENIU in more detail about the manufacture method of the semiconductor device 
equipped with the formation method of a ruthenium oxide film, and the ruthenium oxide thin film. 
[0002] 

[Description of the Prior Art] Ruthenium oxide film which is an electric conduction film (Ru02) It is applied to devices, such as 
DRAM and FeR AM, as a capacitor electrode of a thin film capacitor using strength and the quantity dielectric. Various methods, 
such as sputtering and CVD, have been adopted as the membrane formation method of Ru02. The manufacture method of Ru02 
by CVD is indicated by J P,6-283438,A. The CVD is performed using the CVD system of structure as shown in drawing 10 . 
[0003] The CVD system is a carburetor 101. Carburetor 101 which paid and heated the evaporation raw material Argon gas 
(carrier gas) and oxygen gas are introduced inside, and it is a reaction chamber 102 about these gas and gas of an evaporation 
raw material. Substrate maintenance base 103 led and heated Gas is contacted upwards and membranes are formed. For 
example, 2, 2, 6, and 6-tetramethyl -3 Five - It is a carburetor 101 about a heptane dione ruthenium (2, 2, 6, and 6- 
Tetramethyl3, 5-heptanedioneRutheni urn, Ru (DPM)3). It is this carburetor 101, putting in inside and using the temperature as 
125 degrees C. Ar gas is supplied by the flow rate of 100 ml/fnin, oxygen gas is mixed by the flow rate of 200 ml/fnin here, and 
this mixed gas is used as material gas. And it lets a gas pipe pass and is a reaction chamber 102 about material gas. It supplies 
inside. 

[0004] Reaction chamber 102 Stainless steel hot platen 103 currently heated at 360 degrees C by electric heat inside (substrate 
maintenance base) It is a substrate 104 upwards. It places and is the substrate 104. Material gas is supplied and it is a substrate 
104. Ru (DPM)3 is pyrolyzed in a top and it is a substrate 104. Ru02 film is deposited upwards. The gas pressure of the system 
of reaction is 5Torr(s). The deposit speed of Ru02 film by this membrane formation method is about 15 nm/fnin. 
[0005] 

[Problemfe) to be Solved by the Invention] As mentioned above, in the former, in order to grow up Ru02 film, Ru02 film had 
been obtained by low-temperature growth of about 120 degrees C. However, as for Ru02 film which grew at low temperature, Ru 
metal and oxide phases other than Ru02 exist in a front face and the grain boundary. A ruthenium (Ru) is an element with the 
valence of 2 -8 **, and there are Ru02, Ru04, etc. in the oxide. Since Ru04 is a gas to being a solid-state, in case Ru02 grows 
Ru02 film by CVD, it heats substrate temperature at about 500 degrees C, if it is set as the value which described above other 
conditions, such as a quantity of gas flow, many RuO(s)4 will be generated and a film will not deposit it. This is a reaction 
chamber 102. Ru (DPM)3 conveyed inside is a substrate 104 under the elevated temperature of about 500 degrees C. It is for 
decomposing on a front face, reacting with the oxygen those in gas contained, and generating Ru04. [ many ] 
[0006] as ruthenium content gas — in addition, 2, the 6-dimethyl -3, and 5- A heptane dione ruthenium (2, 6-dimethyl-3, and 5- 
heptanedioneRuthenium and Ru3 (DMHPD)) and screw SAIKUROPENTA-J IONIRU ruthenium (Bis(syclopenta-ilienyl) Ruthenium, 
Ru (C5H5)) etc. —it is and the same result arises also with this raw material By the way, even if it forms Ru02 film by low- 
temperature growth, stating below may become a cause and it may be ruined. 

[0007] It will be ruined, if the thin film capacitor has the structure which sandwiched the dielectric film by the electrode and the 
structure using TiO(Ba, Sr)3 film of a high dielectric is adopted as the dielectric film, using Ru02 film as the lower electrode. 
This is because the ruthenium oxides and ruthenium pure metals other than Ru02 which exist in the front face of Ru02 film or 
its grain boundary will react with oxygen with the temperature of 500 degrees C or more, and will serve as Ru04 and it will 
become easy to evaporate them, if TiO(Ba, Sr) 3 is grown up on Ru02 film, since the membrane formation temperature of TiO 
(Ba, Sr) 3 is 500 degrees C or more. 

[0008] Thus, if ruined, big irregularity will occur in the front face. Therefore, if Ru02 film is used as an electrode of a thin film 
capacitor and voltage is impressed to this electrode, electric field will concentrate on the heights on the front face of an 
electrode which consists of Ru02 locally, and it will become easy to produce dielectric breakdown in an inter-electrode 
dielectric film. As mentioned above, if it is going to grow up an oxidization RUTENIU film at an elevated temperature within 
atmosphere with many oxygen flow rates, Ru04 will be generated preferentially and a film will not grow on a substrate, but 
moreover, if a ruthenium oxide film is grown up at low temperature, in case not only Ru02 but another ruthenium oxide and 
another ruthenium exist in a film and a dielectric film is grown up on it, it will become the cause whose ruthenium oxide-film 
front face is ruined. 

[0009] this invention is made in view of such a problem, membranes can be formed at the temperature of 500 degrees C or 
more, and it aims at offering the formation method of the ruthenium oxide film which can moreover bear the elevated 
temperature of 500 degrees C or more, and the manufacture method of a semiconductor device including the formation process 
of the ruthenium oxide. 
[0010] 

[Means for Solving the Problem] 
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(Means) The above-mentioned technicaH>roblem introduces a ruthenium organometallic compound and oxidization gas into the 
membrane formation field 1, and solves them by the formation method of the ruthenium oxide film characterized by setting 
oxygen tension as 6 or less Torrs, and carrying out the vapor growth of the ruthenium oxide film 32 on Substrate W so that it 
may illustrate to drawing 1 and drawing 2 . 

[0011] In the formation method of the above-mentioned ruthenium oxide film, the aforementioned ruthenium organometallic 
compound is characterized by being Ru (DPM)3, Ru (DMHPD)3, or Ru (C5H5). It sets to the formation method of the above- 
mentioned ruthenium oxide film, and the aforementioned oxidization gas is characterized by being gas which mixed two or more 
[ a kind of ] gas of oxygen (02), a nitrogen dioxide (N02), and the nitrogen monoxides (N20). 
[0012] In the formation method of the above-mentioned ruthenium oxide film, reaction pressure for performing the 
aforementioned vapor growth is characterized by being 5 - 10Torr. In the formation method of the above-mentioned ruthenium 
oxide film, it is characterized by setting the aforementioned substrate temperature in the case of the aforementioned vapor 
growth as 500-600 degrees C. The process which forms the 1st metal membrane 52 through direct or an insulator layer on the 
semiconductor substrate 40 so that the above-mentioned technical problem may be illustrated to drawing 6 and drawing 7 , In 
the manufacture method of a semiconductor device including the formation of a capacitor which has the process which forms a 
dielectric film 54 on this 1st metal membrane 52, and the process which forms the 2nd metal membrane 55 on this dielectric film 
54 The process which forms at least one side among the 1st metal membrane 52 of the above, and the 2nd metal membrane 55 
of the above A ruthenium organometallic compound and oxidization gas are introduced and it solves by the manufacture method 
of the semiconductor device characterized by the bird clapper from the process which sets oxygen tension as 6 or less Torrs, 
and carries out the vapor growth of the ruthenium oxide. 

[0013] Setting to the manufacture method of the above-mentioned semiconductor device, the aforementioned ruthenium 
organometallic compound is Ru (DPM)3, Ru (DMHPD)3, and Ru (C5H5)2. It is characterized by being either. In the manufacture 
method of the above-mentioned semiconductor device, reaction pressure for performing the aforementioned vapor growth is 
characterized by being 5 - 10Torr. In the manufacture method of the above-mentioned semiconductor device, it is characterized 
by setting the aforementioned substrate temperature in the case of the aforementioned vapor growth as 500-600 degrees C. 
[0014] Setting to the manufacture method of the above-mentioned semiconductor device, formation of the aforementioned 
dielectric film 54 of the aforementioned capacitor is TiO(Ba, Sr) 3, SrTi03, Pb(Zr, Ti) 03, PbTi03 and 0 (Zr (Pb, Ln), Ti)3, or 
Bi4Ti 3012. It is characterized by carrying out by forming. In the manufacture method of the above-mentioned semiconductor 
device, before forming the aforementioned ruthenium oxide which constitutes the 1st electrode 52 of the above, or the 2nd 
electrode 55 of the above, it is characterized by having the process which forms a ruthenium film as a ground of the 
aforementioned ruthenium oxide. 

[0015] (Operation) Next, an operation of this invention is explained. According to this invention, in order to form a ruthenium 
oxide film, a ruthenium organometallic compound and oxidization gas are introduced into a membrane formation field, and it is 
contingent [ on setting oxygen tension as 6 or less Torrs ]. According to this, formation of the ruthenium oxide film according 
growth temperature to a vapor growth as for 500 degrees C or more is attained. 

[0016] By setting a growth pressure as 5 - 10Torr, it becomes easy to adjust the surface morphology and growth of the 
ruthenium oxide film is a growth rate 50 - 100 nm/fnin. It can be made a grade. Surface morphology is controlled by adjustment 
of the oxygen pressure force. Moreover, if surface morphology of ruthenium oxide is smoothed, when applying the ruthenium 
oxide film as an electrode of a capacitor, local electric-field concentration is suppressed. 

[0017] Furthermore, if the oxygen tension at the time of ruthenium oxide growth is set as 6 or less Torrs, only Ru02 phase 
exists, without containing a ruthenium phase and ruthenium oxide phases other than Ru02 in a film. Therefore, in case an oxide 
dielectric film is formed at the elevated temperature of 500 degrees C or more on the ruthenium oxide film, in the front face and 
the grain boundary of ruthenium oxide, generation of Ru04 which are ruthenium oxides other than Ru02 and the oxide of a 
ruthenium is lost, and its morphology of the Ru02 film front face by generation of Ru04 is not ruined. 
[0018] 

[Embodiments of the Invention] Then, the operation gestalt of this invention is explained based on a drawing below. Drawing 1 is 
a CVD system used for membrane formation of 1 operation gestalt of this invention. The CVD system shown in drawing 1 has 
the membrane formation room (chamber) 1 which consists of stainless steel, aluminum, etc. In the membrane formation room 1, 
the shower board 5 which has the hole of a large number which turn and emit the gas in the substrate supporter 2 which 
supports Substrate W, the heater 3 which heats Substrate W, the gas induction 4 which is the space which introduces reactant 
gas, and the gas induction 4 to the substrate supporter 2 is formed. 

[0019] The 1st gas supply pipe 6 for introducing oxygen and the 2nd gas supply pipe 7 for introducing ruthenium content gas are 
connected to the gas induction 4. The oxygen cylinder (unHllustrating) is connected to the gas upstream of the 1st gas supply 
pipe 6 through mass-flow controller (MFC) 6a. Moreover, the edge of the gas upstream of the 2nd gas supply pipe 7 is inserted 
in the space of the ruthenium raw material container 11 through the opening-and-closing valves 8 and 10 and the flow control 
valve 9. 

[0020] The ruthenium raw material container 1 1 is the 1st temperature T1 by the thermostat 12. It is heated, the powdered 
ruthenium raw material R contained in it is heated, and it sublimates. Moreover, in order to send the sublimated ruthenium raw 
material R in the 2nd gas supply pipe 7, the 3rd gas supply pipe 13 for introducing inactive carrier gas like argon gas is 
connected to the ruthenium raw material R container 1 1 through the opening-and-closing valve. The argon chemical cylinder 
(un-illustrating) is connected to the gas downstream of the 3rd gas supply pipe 13 through the opening-and-closing valves 14 
and 15 and the mass-flow controller (MFC) 16. 

[0021] As a ruthenium solid-state raw material contained by the ruthenium raw material container 11, there are Ru (DPM)3, Ru 
(DMHPD)3, Ru (C5H5), etc. Moreover, in the membrane formation room 1, the 1st exhaust pipe 17 is connected to the gas 
induction 4 and the opposite side to the substrate supporter 2, and it is constituted so that the membrane formation room 1 
interior may be decompressed to a predetermined pressure with the pressure regulating valve 18, the mechanical booster pump 
19, and the dry pump 20 which were connected to the 1st exhaust pipe 17. 

[0022] The 2nd exhaust pipe 22 is connected to the 2nd above-mentioned gas supply pipe 7 through the opening-and-closing 
valve 21. Moreover, a by-path pipe 23 is connected to the 2nd gas supply pipe 7 and the 3rd gas supply pipe 13. By connecting 
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the o0enin'g-and-closing valve 24 to theisy-path pipe 23 furthermore, and opening the opening-and-xlosing valve 24, and closing 
the opening-and-closing valves 8 and 14, and continuing supplying carrier gas in the 2nd gas supply pipe 7 through the 3rd gas 
supply pipe 13 It is constituted so that the ruthenium content gas in the 2nd gas supply pipe 7 may be discharged through the 
1st gas supply pipe 6 or the 2nd exhaust pipe 22. 

[0023] Around the 2nd and 3rd gas supply pipes 7 and 13, the 2nd exhaust pipe 22, and the gas induction 4 It is the 1st 
temperature T1 about them. The 2nd high temperature T2 The heater 25 for heating is arranged and, thereby, condensation- 
ization of the raw material of the shape of gas in the inside of the four gas induction, the 2nd exhaust pipe 22, the 2nd, and 3rd 
gas supply pipes 7 and 13 is suppressed. 

[0024] In addition, the sign 26 in drawing is the 1st pressure gage attached in the 1st exhaust pipe 17, and the data of the 
measured pressure are constituted so that it may input into a pressure regulating valve 18. Moreover, a sign 27 is the 2nd 
pressure gage connected to the 2nd gas supply pipe 7, and it is adjusted so that the flow rate in the flow control valve 9 
attached in the 2nd gas supply pipe 7 according to the pressure may become a predetermined value. 

[0025] The ruthenium film and the ruthenium oxide film were formed on Substrate W using such a CVD system, and the phase 
and surface morphology of the ruthenium oxide film were investigated. First, the substrate W which is going to form a film is 
attached in the substrate supporter 2, and while decompressing until it subsequently drives mechanical-booster POMBU 19 
grade and the inside of the membrane formation room 1 is set to 1 - lOTorr at the time of membrane formation, Substrate W is 
heated in temperature of 500-600 degrees C at a heater 3. 

[0026] Moreover, if powdered Ru (DPM)3 is contained and sealed in the ruthenium raw material container 11 and heating 
maintenance of Ru (DPM)3 is further carried out by the thermostat 12 at 200 degrees C which is the sublimation temperature, 
Ru (DPM)3 will sublimate. If argon (Ar) gas is supplied by the flow rate of about 300 sccmfe) as carrier gas in the ruthenium raw 
material container 11 through the 3rd gas supply pipe 13, sublimated Ru (DPM)3 will be introduced into the gas induction 4 
through the 2nd gas supply pipe 7 with Ar gas. 

[0027] In this case, if the 2nd gas supply pipe 7 is heated at a heater 25 at 210 degrees C higher 10 degrees C than the 
sublimation temperature of the ruthenium raw material R, condensation of the raw material within a pipe will be suppressed and a 
raw material will be efficiently supplied to it in the membrane formation room 1. And when the mixed gas of Ru (DPM)3 and an 
argon is supplied to Substrate W through the hole of the gas induction 4 and the gas shower board 5 in the membrane formation 
room 1, on Substrate W, it is drawing 2 (a) by decomposition by the heat from a heater 3. The ruthenium (Ru) film 31 as shown 
grows. 

[0028] If oxygen (02) gas is introduced into the gas induction 4 by the mass-flow controller through the 1st gas supply pipe 6 by 
the fixed flow rate of 10 -50sccm within the limits after forming the Ru film 31, Ru (DPM)3 and Ar will be mixed with oxygen 
within the gas induction 4. The mixed gas is supplied on Substrate W through the hole of the gas shower board 5. When this 
invention person etc. changed a growth pressure and oxygen tension and the phase of a ruthenium oxide film was investigated, 
depending on conditions, it is drawing 2 (b). Formation of the ruthenium oxide film 32 was attained so that it might be shown. 
When the phase of the ruthenium oxide film 32 was investigated, not only Ru02 phase but Ru phase might be contained by the 
difference of oxygen tension. Furthermore, by changing oxygen tension showed that the surface morphology of the ruthenium 
oxide film 32 changed. 

[0029] For example, the place to which oxygen tension was changed to 0.05 -O.STorr, having decompressed the pressure in the 
membrane formation room 1 to 10Torr(s), and having used substrate temperature as 500 degrees C, Although Ru02 film with 
which oxygen tension 5Torr does not contain Ru phase although a result like drawing 3 is obtained, and Ru02 film which does 
not contain non-oxidized Ru phase in 0.1 or more Torrs of oxygen tension is formed and it is not shown in drawing 3 was formed 
The ruthenium oxide film was not formed in the oxygen tension beyond it. 

[0030] That is, when the growth pressure was set to 10Torr(s) and oxygen tension was made lower than 0.1Torr(s), it turns out 
that non-oxidized Ru phase is contained in the ruthenium oxide film 32. if the high dielectric film which is a multiple oxide is 
grown up on the ruthenium oxide film containing Ru phase — that a ruthenium phase (Ru phase) oxidizes at the time of 
membrane formation of a high dielectric **** — Ru phase — high dielectricity — it will react with oxygen in the living body, 
consequently ruthenium oxides other than Ru02 will be generated When oxidization of the aforementioned ruthenium takes 
place, the concavo-convex dry area of the morphology on the front face of a ruthenium is produced, the electric-field 
concentration by the heights generated when voltage is impressed to a capacitor electrode arises, and it is slack. Moreover, 
oxidization of the ruthenium by the oxygen in a high dielectric serves as a film which suffered a loss in oxygen, and deteriorates 
membraneous quality. 

[0031] High dielectric oxide 3, for example, (Br, Sr), TiO, When it deteriorates, decline in a dielectric constant and the increase in 
a leakage current are caused, and it is TiO (Br, Sr)3. A film stops fully functioning as a dielectric film of a capacitor. When the 
specific resistance of Ru02 film which formed oxygen tension as 0.05 -S.OTorr was measured by the 4 ****** method, it was 
set to 50 -60microomegacm, and the almost same value as a bulk crystal was acquired. 

[0032] In addition, drawing 3 also measured the phase of the ruthenium oxide film which measures with an X-ray diffraction 
method (XRD), and is described below by the same method. Next, oxygen tension is changed by setting a growth pressure to 
10Torr(s), setting substrate temperature as 600 degrees C, and it is drawin g 2 (b). When the ruthenium oxide film 32 was grown 
up similarly, the result as shown in Table 1 was obtained, and the ruthenium oxide film 32 which does not contain non-oxidized 
Ru phase grew in the oxygen tension of 0.1 - 6.0Torr. However, when the film with which oxygen tension contains Ru phase in 
0.07 or less Torrs was formed and the oxidization partial pressure was set to 7.0Torr(s), it turns out that a ruthenium oxide film 
does not grow. 
[0033] 
[Table 1] 
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[0034] When substrate temperature was set up within the limits of 500-600 degrees C by setting a deposition-chamber pressure 
to 10Torr(s) by the above, in the oxygen tension of 0.1 -6.0Torr, growth of Ru02 film which does not contain Ru phase was 
attained. Next, Ru02 conventional film formed by the spatter and Ru02 film which does not contain Ru phase which grew on the 
above-mentioned conditions by CVD were formed separately, and those samples were heated in the temperature of 500 degrees 
C, and 60 minutes under oxygen gas flow rate 5slm and the atmosphere of an ordinary pressure (760Torr). Ru02 conventional 
film formed by the spatter was created at the substrate heating temperature of 350 degrees C. Both the thickness of each 
sample is 100nm.And the surface morphology of each sample changed, as shown in Table 2. 
[0035] 
[Table 2] 
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[0036] According to Table 2, it turns out that change of the surface morphology by heating after growth is small according to 
Ru02 film which does not contain Ru phase formed of CVD. On the other hand, if according to Ru02 film formed by the spatter 
surface morphology becomes large and this Ru02 film is used as an electrode of a capacitor, the irregularity on the front face of 
an electrode will become large, electric-field concentration will arise locally, and it will become easy to produce dielectric 
breakdown. 

[0037] Surface morphology arises for the ruthenium pure metal which exists in a Ru02 film front face and the Ru02 grain 
boundary, or ruthenium oxides other than Ru02 oxidizing, and being set to Ru02 and Ru04, depositing in a front face and the 
grain boundary, or evaporating. Although it stabilizes and exists even if Ru02 is heated at 500 degrees C in oxygen atmosphere, 
a ruthenium pure metal and ruthenium oxides other than Ru02 oxidize. 

[0038] Next, the growth pressure in a deposition chamber was set to 5Torr(s), oxygen tension was changed, the ruthenium oxide 
film was formed, and the phase of the ruthenium oxide film was investigated. Ru (DPM)3 was used as a ruthenium raw material, 
and argon gas was used as the carrier gas. In this case, substrate temperature was made into 600 degrees C. The phase of the 
ruthenium oxide film which grew according to this condition came to be shown in Table 3. According to Table 3, when oxygen 
tension was set to 2.5Torr(s), it turns out that Ru02 film does not grow. 
[0039] 
[Table 3] 

Ru(DPM)3£JBO*_dc& (&m&ti STorr) 



KI»E (Torr) 


m 


0.05 


Ru 


0.1 


Ru02 


0.3 


Ru02 


0.5 


Ru02 


0.7 


Ru02 


0.8 


Ru02 


1.0 


Ru02 


1.5 


Ru02 


2.0 


Ru02 


2.5 
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[0040] According to Table 3, Ru02 film^iich does not contain non-oxidized Ru phase was formed by setting up a growth 
pressure by 5Torr(s) and setting up oxygen tension within the limits of 0.1 -2.0Torr. From the above thing, when using Ru (DPM) 
3 as a ruthenium raw material, within the limits of the substrate temperature of 600 degrees C, the growth pressure 5 - lOTorr, 
Ru02 film which does not contain Ru phase grows by setting up oxygen tension within the limits of 0.1 -6.0Torr. 
[0041] Moreover, Ru (DPM)3 was introduced in the deposition chamber 1 by argon gas, substrate temperature was made into 
600 degrees C, and when Ru02 film was grown up as 5Torr(s) and lOTorr, the relation between oxygen tension and surface 
morphology (irregularity) came to show a growth pressure to drawing 4 . According to drawing 4 , when a growth pressure is 
made still smaller than 5Torr(s), it turns out that it is difficult to set surface morphology as a desired size by adjustment of 
oxygen tension. On the other hand, if a growth pressure is set to 10Torr(s), although adjustment of surface morphology is 
comparatively easy, since the growth rate of Ru02 film becomes small by the growth pressure beyond it, it is not desirable. 
[0042] Next, it is Ru (C5H5)2 as reactant gas instead of Ru (DPM)3. It used, and when the relation between the surface 
morphology (irregularity) at the time of setting substrate temperature into 600 degrees C, and setting a growth pressure to 5Torr 
(s) and 10Torr and oxygen tension was investigated, the result as shown in drawing 5 was obtained. That is, it turns out that the 
one where a growth pressure is smaller is difficult for adjustment of the size of surface morphology, and 5 or less Torr of growth 
pressures is not desirable. 

[0043] By the way, according to Table 1 and 3, if oxygen tension becomes large, Ru02 film will not grow. This is Ru (DPM)3 or 
Ru (C5H5)2 which is material gas. In case it decomposes [ oxidization gas and ], it reacts and ruthenium oxide is generated, it is 
because the generation of Ru04 became dominance rather than generation of Ru02, and a film did not grow but the product 
evaporated rather than Ru02. Next, it is Ru (C5H5)2 as reactant gas instead of Ru (DPM)3. The relation between the oxygen 
tension at the time of using, making substrate temperature into 600 degrees C, and setting a growth pressure to 5Torr(s) and 
the phase of a ruthenium oxide film is shown in Table 4. Moreover, the oxygen tension at the time of considering as the same 
substrate temperature using the same reactant gas as this, and setting a growth pressure to 10Torr(s) and the phase of a 
ruthenium oxide film are shown in Table 5. 
[0044] 
[Table 4] 

Ru(CsH5)2*ffl ^fz.sm (fiSME* STorr) 



(Torr) 




O.UUb 


Ru 


0.01 


Ru02 


0.03 


R11O2 


0.05 


Ru02 


0.07 


Ru02 


0.08 


Ru02 


0.1 


Ru02 


0.15 


R11O2 


0.2 


Ru02 


0.25 




[0045] 




[Table 5] 




Ru(C5H5)2£^7t/S8£i 


{&m&* lOTorr) 


mmftK. (Torr) 




0.005 


Ru 


0.01 


R11O2 


0.05 


Ru02 


0.07 


RuOz 


0.1 


Ru02 


0.3 


Ru02 


0.5 


Ru02 


0.6 


Ru02 


0.7 





[0046] Table 4 and Table 5 to Ru2 (C5H5) Although Ru02 film which does not contain Ru phase was able to be formed even if 
used, compared with the case where Ru (DPM)3 is used, 1 figure of oxygen tension for obtaining Ru02 film which does not 
contain Ru phase became small, and it was understood that adjustment of the oxygen tension for forming Ru02 film which does 
not contain Ru phase is difficult. In addition, as material gas, when Ru (DMHPD)3 was used, the same result as the case where 
Ru (DPN)2 is used was obtained. 

(Explanation of the formation process of a capacitor) Next, in the manufacturing process of a DRAM cell, the formation process 
of the thin film capacitor which uses the Ru02 above-mentioned film as an electrode is explained. 

[0047] First, drawing 6 (a) The field oxide film 41 is formed in the circumference of a transistor formation field by the LOCOS 
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meth'od among silicon-substrate 40W front faces so that it may be shown. Subsequently, the gate electrode 43 of MOS 
transistors 44 and 45 is formed in a transistor formation field through the gate oxide film 42. This gate electrode 43 extended on 
the field oxide film 41, and serves as the word line. Moreover, the impurity diffusion layers 46a and 46b used as the source of 
MOS transistors 44 and 45 and a drain are formed in the both sides of the gate electrode 43. drawing 6 (a) **** — one impurity 
diffusion layer 44 of two MOS transistors 44 and 45 which carry out proximal is common, and the bit line BL is connected to the 
impurity diffusion layer 44 In addition, the gate electrode 43 is covered by the insulator layers 47, such as Si02. 
[0048] In such a state, it is drawing 6 (b). After covering MOS transistors 44 and 45 and the field oxide film 41 by the layer 
insulation films 48, such as Si02, so that it may be shown, contact hole 48a is formed on impurity diffusion layer 46b of the side 
to which the bit line BL of MOS transistors 44 and 45 is not connected. After that, it is drawing 6 (c). After forming the plug 49 
which consists of a tungsten or poly SHIRIKO in contact hole 48a so that it may be shown, the titanium (Ti) film 50 and the 
titanium -nitride (TiN) film 51 are formed by sputtering. These Ti layers 50 and TiN(s) A layer 51 functions as a barrier metal. The 
typical membrane formation conditions of the Ti film 50 set to 40sccm(s) the argon quantity of gas flow which introduces ImTorr 
and membrane formation substrate temperature for a membrane formation pressure into 300 degrees C and membrane formation 
atmosphere. Moreover, TiN In the case of a film 51, membranes are formed by introducing nitrogen gas by the flow rate of 
30sccm(s) with the argon gas introduced into the membrane formation conditions of the Ti film 50. 

[0049] Next, drawing 6 (d) The CVD system described above as an accumulation electrode 52 of a capacitor is used so that it 
may be shown, and it is TiN. Ru film 52a and Ru02 film 52b are formed on a film 51. Ru film 52a is the Ti layer 50 which 
functions as a barrier metal, and TiN. A reaction with a lower layer is prevented by the layer 51. Formation of Ru02 film 52b is 
set as the conditions which do not contain Ru phase, as already stated. 

[0050] Then, the first resist 53 is applied to a Ru02 film front face, this is exposed and developed, and only a plug 49 and the 
field of the circumference of it are made to remain. And drawing 6 (e) The first resist 53 is used as a mask and Ru02 film 52b 
which is not covered by the mask by the ion milling method, Ru film 52a, the TiN film 51, and the Ti film 50 are **********ed so 
that it may be shown. In the conditions of ion milling, the incident angle of 1 kV of acceleration voltage, pressure 2x1 0-4Torr, and 
ion makes etching time 7 minutes and 30 seconds 15 degrees to the membranous direction of a normal. 
[0051] After finishing ion milling and exfoliating the first resist 53, it is drawing 7 (a). Ti03 which is a high dielectric so that it 
may be shown (Ba, Sr) It considers as a dielectric film 54 and membranes are formed in thickness of about 180nm by the 
spatter. About spatter conditions, 25 mTorr and substrate temperature are not heated for a spatter pressure, but power is made 
to 1kW and spatter time is made into 5 minutes. Next, drawing 7 (b) Ru film, Ru02 films, or these cascade screens (any may be 
the bottom) are formed as a counterelectrode 55 so that it may be shown. The formation condition is made the same as those 
membrane formation conditions that constitute the accumulation electrode 52. 

[0052] The second resist 56 is applied to the front face of a counterelectrode 55, this is exposed and developed next, and it 
leaves the second resist 56 to a latus field rather than the accumulation electrode 52. And drawing 7 (c) The second resist 56 is 
used as a mask and the counterelectrode 55 and dielectric film 54 which are not covered by the mask by the ion milling method 
are **********ed so that it may be shown. About the conditions of ion milling, etching time is made [ acceleration voltage /a 
pressure ] into 9 minutes for the incident angle of 2x10^4Torr and ion 15 degrees to the membranous direction of a normal to 
IkV. 

[0053] Formation of a capacitor is ended by this patterning. Next, Si02 film 57 is formed in the thickness of 200nm by heat CVD, 
and it is a wrap about a capacitor etc. by this Si02 film 57. As growth conditions for the Si02 film 57, it is SiH4 and N02. Using 
gas, substrate temperature is made into 300 degrees C, and 10Torr(s) and membrane formation time are made into 10 minutes 
for a pressure. 

[0054] Opening (un-illustrating) is formed in Si02 film 57 using a resist mask and the RIE method, subsequently to its Si02 film 
and opening top, a titanium-nitride film is formed by the spatter, patterning of the titanium-nitride film is carried out, and wiring 
58 is formed next. The DRAM cell which has the capacitor of a thin film stack structure is produced by the above process. 
Current density 10-8 A/cm2 and the specific inductive capacity of the electrical property of the capacitor were 200 at the time 
of 2V impression. 

[0055] Next, the process which connects an MOS transistor with a capacitor by the local interconnection is explained. First, 
drawing 6 (a) The same MOS transistor is formed. Next, drawing 8 (a) After forming Ru film 61a and Ru02 film 61b in the whole 
in order so that it may be shown, a resist mask (un-illustrating) and ion milling are used, and patterning of Ru film 61a and the 
Ru02 film 61b is carried out, and it leaves on the insulator layer 60 around an MOS transistor, and considers as the 
accumulation electrode 61. 

[0056] Those films grow using the above-mentioned CVD system, and are drawing 6 (d). It forms by the same membrane 
formation conditions as Ru film 52a and Ru02 film 52b which were shown, and the same thickness. Moreover, Ru02 film 61b is 
performed on the above-mentioned conditions in which Ru phase does not exist. In addition, etching time is made [ acceleration 
voltage /a pressure ] into 7 minutes and 30 seconds for the incident angle of 2x10^4Torr and ion 15 degrees to the 
membranous direction of a normal to 1 kV about the conditions of the ion milling method. 

[0057] then, drawing 8 (b) Pb(Zr, Ti) 03 which is a ferroelectric so that it may be shown from — the becoming dielectric film 62 
is formed in thickness of 180nm by Rf sputtering About spatter conditions, 25mTorr(s) and Substrate W are made into ordinary 
temperature for a spatter pressure, power is made to 1kW and spatter time is made into 5 minutes. Next, drawing 8 (c) The 
counterelectrode 63 which consists of the film, Ru film, or Ru02 film which carries out the laminating of Ru and Ru02 (the 
bottom is sufficient as any), and becomes is formed so that it may be shown. The membrane formation condition is made the 
same as the film which constitutes the accumulation electrode 61. Then, a resist 54 is applied on a counterelectrode 63, this is 
exposed and developed, and it leaves the circumference the accumulation electrode 61 top. 

[0058] After that, it is drawing 9 (a). It **********s and the counterelectrode 63 and dielectric film 62 which were exposed from 
the resist 64 are removed so that it may be shown. The etching is performed by the ion milling method, and makes [ a pressure / 
as opposed to /the membranous direction of a normal /for acceleration voltage ] etching time 9 minutes for the incident angle 
of 2x10^4Torr and ion 15 degrees as opposed to IkV. After removing a resist 54, it is drawing 9 (b). Si02 film 65 is formed in the 
whole by CVD at the thickness of 200nm, then the 1st - the 3rd through hole 65a-65c are formed the counterelectrode 65 top 
of a capacitor among Si02 films 65 on the impurity diffusion layers 46a and 46b of the couple of an MOS transistor so that it 
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may be shown. 

[0059] The membrane formation conditions of Si02 film 65 are SiH4 gas and N20. Using gas, 300 degrees C and a growth 
pressure are made to 10Torr(s), and membrane formation time is made into 10 minutes for substrate temperature. Next, after 
forming a titanium-nitride film in the whole, it is drawing 9 (c). So that it may be shown While forming the local interconnection 
66 which carries out patterning of the titanium-nitride film, and is prolonged from the 2nd through hole 65b on one impurity 
diffusion layer 46b of an MOS transistor to the 1st through hole 65a on the counterelectrode 65 of a capacitor Bit line BL1 
connected to 3rd through hole 65c on impurity diffusion layer 46a of another side of an MOS transistor It forms, furthermore, the 
whole — the layer insulation film 67 — forming — a it top — TiN from — the becoming wiring 68 is formed 
[0060] As for 10-50nm and Ru02 film, it is [ the thickness of Ru film used for a capacitor as an electrode ] desirable to be 
referred to as 50-100nm. You may form one of the accumulation electrode of the capacitor which more than explained, and the 
counterelectrodes from metals, such as platinum. In addition, as a dielectric film used for the above-mentioned capacitor, it is 
above-mentioned TiO (Ba, Sr)3 and Pb(Zr, Ti) 03. Otherwise, they are SrTi03, PbTi03, O (Zr (Pb, Ln), Ti)3, and Bi4Ti 3012. You 
may use. Moreover, you may use as a counterelectrode the platinum film formed by the spatter instead of Ru film and Ru02 film. 
Furthermore, the same effect is acquired even if it is gas which mixed two or more [ a kind of ] gas not only of oxygen but 
oxygen (02), nitrogen dioxides (N02), and nitrogen monoxides (N20) as oxidization gas. 
[0061] 

[Effect of the Invention] Since it is like contingent [ on introducing a ruthenium organometallic compound and oxidization gas 
into a membrane formation field, and setting oxygen tension as 6 or less Torrs ] according to this invention in order [ which was 
described above ] to form a ruthenium oxide film, formation of the ruthenium oxide film according growth temperature to a vapor 
growth as for 500 degrees C or more is attained. 

[0062] By setting a growth pressure as 5 -10Torr, it becomes easy to adjust the surface morphology and growth of the 
ruthenium oxide film is a growth rate 50 - 100 nm/min. It can be made a grade. Surface morphology is controllable by adjustment 
of the oxygen pressure force. Moreover, if surface morphology of ruthenium oxide is made small, when applying the ruthenium 
oxide film as an electrode of a capacitor, local electric-field concentration is suppressed. 

[0063] Furthermore, when the oxygen tension at the time of ruthenium oxide growth was set as 6 or less Torrs, the ruthenium 
phase in a film is not contained but a dielectric film is formed at the elevated temperature of 500 degrees C or more on it, from 
the front face and the grain boundary of ruthenium oxide, it is hard coming to generate Ru04 which is a gas, and generating of 
the dry area of the surface morphology by the heat of a ruthenium oxide film can be suppressed. 

[Translation done.] 
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* notices* 

Japan Patent Office is not responsible for any 
daaages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the growth equipment of a ruthenium film and a ruthenium oxide film which grows in the 
operation gestalt of this invention. 

[Drawing 2] It is the cross section showing growth of a ruthenium film and a ruthenium oxide film in the operation gestalt of this 
invention. 

[Drawing 3] It is drawing showing the analysis result by the X-ray diffraction method of the phase of the ruthenium oxide film in 
the operation gestalt of this invention. 

[Drawing 4] It is drawing showing the surface morphology of a ruthenium oxide film and the relation of oxygen tension which use 
Ru (DPM)3 for a raw material, and are formed in the operation gestalt of this invention. 

[Drawing 5] It sets in the operation form of this invention, and is Ru (CP)2 to a raw material. It is drawing showing the surface 
morphology of a ruthenium oxide film and the relation of oxygen tension which are used and formed. 

[Drawing 6] It is the cross section (the 1) showing the manufacturing process of the 1st DRAM cell including the growth process 
of the ruthenium film in the operation form of this invention, and a ruthenium oxide film. 

[Drawing 7] It is the cross section (the 2) showing the manufacturing process of the 1st DRAM cell including the growth process 
of the ruthenium film in the operation gestalt of this invention, and a ruthenium oxide film. 

[Drawing 8] It is the cross section (the 1) showing the manufacturing process of the 2nd DRAM cell including the growth process 
of the ruthenium film in the operation gestalt of this invention, and a ruthenium oxide film. 

[Drawing 9] It is the cross section (the 2) showing the manufacturing process of the 2nd DRAM cell including the growth process 

of the ruthenium film in the operation gestalt of this invention, and a ruthenium oxide film. 

[Drawing 1 0] It is the outline block diagram of equipment which grows the conventional ruthenium oxide film. 

[Description of Notations] 

1 Membrane Formation Room 

2 Substrate Supporter 

3 Heater 

4 Gas Induction 

5 Shower Board 

11 Ruthenium Raw Material Container 

31 Ru Film 

32 Ru02 Film 

[Translation done.] 
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DRAWINGS 
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£7, • if-f • ;k?^A( Bis(sy 

clopenta-dienyDRulhenium, Ru(C 5 H 5 )) tj.Etf&Q, 

J«ftlC±^TRuO,ll)t*»J*UT"b, etTKJfi^SJlt** 
JjpE t ts.-z> TRuOjil©*®©^ 7 si- o d <h 

[0 0 0 7] *K3>7*>lJ-tt. tg«#i!t&«s-?j*^ 
iE«a*tl/TfiO. ^COT§PmSi:LTRu0 2 M*ffl 
^©!Sm#:flg4:bTii&M«#:© (Ba, Sr)Ti0 3 JBI£ffl 

-5. un(i, (Ba,Sr)TiO,©fiRKia«^5 0 O'CWiT 
a5-5fci6> Ru0 2 ^<D±tC (Ba, Sr)TiOjSrfieg-rsi:. Ru 
0 2 ^<D*B*^tt^-©^s^#tc^ft-r^RuO 2 ^©;i/ 
f-^ASfktia^i'fr'jAi^, 5oo"ceui 

©»0n~J:oT«*£KJ6bTRuO4i&OgMfcUJB<!&: 
[0 0 0 8] dOi'Sfc, RuOjMSSco^^^-n^d^ 
T. Ru0 2 K*»*|:3 >?*>+*©««£ LTfcfliU d© 

ST^k^^^A^Sr^S-r^i, K+fcRuO t tzVT' 

[0 0 0 9] 2(!:»^ttI10«t3&P^Sfcffi*.TfcC^nit 
*>©T&oT, 5 0 0 < C^±co?gJ3f-e^)K^^-C i , U 

5 0 ox:&±<D&u\zii7Lt>nz,mt)UT-oi±m 

[0 0 10] 

a*fl-ffi£6Torr«TK:l9:JSl'T*«W±K: 

[0 0 11] ifBSHUU^^AM©^/^^;:*^ 
T. Sftl2;i'7 L r:>5A#ffil^JBib^tltt, Ru(DPM) 3 . Ru(D 
MHPD) 3 . Ru (C 6 H 5 ) ©t^f tlfrT'$>Z> d £ 

mm (o,) , _^g* (no,) , 

(N 2 0 ) © 5 ^ 1^ lt« XT 

[0012] ±lH^t;;^^'?A)K©}e^ffi(c*3^ 



T. ffii2affifiES*?f'5fc»©£jSEE#W:5~ 1 OTorr 

*ftfci3^T, t3fBla*lE£g©^©tfIfBS«fiS£ 5 0 

0- 6 0 0*CIC»jrr4 114: ±EUtI 

EI 6 , EJ7lC0iJ^f S«fc5t'. #IMS4 0± 

\z\s.&x\mmmzit i^rm 1 ©&jgfln 5 2 ^^bk-t-s. 
xst. bejbi 0^115 2<D±\zmm^m5 4zj&i& 

s«©«jft*ttfcfit»r, mesB 1 ©^si5 2 ^ane 

fg2©&KBl5 50pV>&<ife-*^ff£t5I§ 

[0 0 13] ±fBLfe¥#*Sg©Mit^^(C*3^T. 
H&SBJl'^tfAWttl&JSffc'&Wa, Ru(DPM) 3> Ru (DMHP 
D) 3 , Ru(C 5 H 6 ) 2 (D^-ttlfr-V&Z 

SfT'S/fcJ&WOSJEE^teS- 1 OTorrT&^d 

1- T*. ±Bbfc¥i»tf*«©«5t#Bsl::4slr»T. lfflB 
mffiB£S©^©fflfB*SS^^ 5 0 0-6 0 OICKgWt 

[0 0 14] ±IEUfc**#S6«©«Jfi*ftt*V»T, 
i»E3>x>tf©lfflB««fl«5 4©#J«fck (Ba.Sr)T 
i0 3 . SrTi0 3 , Pb(Zr,Ti)0 3 , PbTi0 3 , (Pb, Ln) (Zr, Ti) 
0 3 ^«Bi 4 Ti 3 O l2 *^fi)o-r-5ditCj;oTff 5 d<h£i& 

§bss i ©mn 5 2 xtt'stnam 2 ©^n 5 5 zmm-rz m 
umitfrT-v i±*w,f&tz>m\z. mtm.it jit- -ti. 

[0015] (ftus) *5twwEm\z-o^Tmm 

i&K, A#«&JKffc£«<fc«ft:tf;**fi)UM« 
CiAL> tt*#EE*6Torr&Tfctt5rt*il£**fr 
dntCttltf, (KSSS*5 0 or^ic 

[0 0 16] -tCBMUl'?-— £AMI©J**«. J«*£E* 
£ 5-1 OTorrlC^T-SdtJCiO. fffliK?^ 

1 OOnm/min SSfcTS Clt^tf^S. SI=E7*D 

^n^Ao^s^^^Pv^tte^cT-st. "tnmt 

\z, »»w&«w*+**anw*n*. 

[0017] s&k:, ttfl^Px^Ajfcjysrottslsfl'ffi 

^6Torr^TfClS^-r5t, K4> fc^T-— «5Afflat5Ru 
0 2 JSW© J^- "5 A^fc<fe«*^ * n-T f^RuO 2 ffi (Dfrifi 
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0 A <D%ffi S.lWSifi&J?- iz 43 ^TRuO 1 &M-<»)1> 
I&tem< & Ru0 4 ©£fi£{::<fc SRuOjIKSffi©^^ * □ 
[0 0 18] 

[0 0 19] #**A«4fctt. mm*mAtz>tztb<D 
fc»©jB2©if^«*s*7#*ttanTv»*. mi©# 

Xtt^ 6 ©tfXiffitffiiJiCteVX 7D-3>hD-7 

(MFC) 6a$jMTS**>^ WFBIjS) #S&l*2f 
ftT^S. Sfc, |g2©#Xtt^W7©#X±Z7iEfl!iJ©>Sg 
MH#8, 1 0&tfM»iS6#9£^LT;k7"- 

[0 0 2 0] ;P5=-— lttilfflMtl 2 fcJ: 

fc*&*tt©;U^£ AISR £iQf?&LT#Mrr-S «fc -5 t 
ft^Wi. Sfc. #SL/fcJl/7 i - , ^AJS!|efR*m2<D 
7 )V7--VL.mPcR®%i\ 

«SSnx^S. fffl^3©^Mf 1 3 ©#XT8ftffiiJ 
iCfctP^ffl^l 4, 15. 7^7D-3>hD-7 (MF 

o i 6 ^aLT7;un*>^x#x (^Fia*) #&#is 
[0021] )\<7--Vk.mPi®m i i tiRiW*n«;i'7- 

-^ABMiLT. #J;tt;£Rii(DPM) 3 . Ru(DMHPD) 

3 . ru(c,h 5 ) j«jbis i rtTtt, *« 

3?#g|S2 fc*fLT:*f;*«*Affl4 tS»fiOC»4JII 1 ©SB* 

£*1fcEE73iBB#l 8. ^^n^;p^'-X^^>7 p l 9 
S^h*7'f^>^2 0fc«fcoTfi£^lrtaJ*B»r3SOffi 

[0 0 2 2] ±|BU/!:*2©^X«ISe7»CttlBffl#2 

»2©^fXtt» , B i 7 £JS 3 ©Jt/XttUMf 1 3fctt/t-fAt 
x^2 3*«»«an, SSfc-tCAMVtXtf 2 3Ktt|Jfl 
W#2 4iJi»«l4h-C^T, i»^2 4*IB*1."3HH 

#8, i 4&Hi;. »3©*^«iesi 3sabT*+- 



■J £$g 2 ©#*#*&* 7 ft C^ie Ligett* C £ \Z 

«toT> ^2©#X0«&^7rt©;i^rL£A^r.;tfX£ 

[0 0 2 3] I2Sr/$3©^Mf 7, 13tI2 
©*SMf2 2 £#;*i*A»4©JBHK:e. ^tie-SrSBl 
©1ST, J;l3feii5^^2©a*T 2 fcjQi&-r*fc«>© 

4flp. * 2 ©#»« 2 2 , t62R.tf&3<DX7>m&'8 

a. 

[0 0 2 4] &43, @«^2 6H ilOftgf 17 
tClX#^enfc^l©JEE^H-T&oT. iffljtLfeffirt© 
r-^BEAlfi^l 8 KA#T5£5tC«j5££tVO> 
-5. »f27tt, »2©#X0H&*7K:SSl*S*l 

&SS2©ffi*f|-T, ■*■©!£# KfcUTJB 2 ©tfXttte* 

[0 0 2 5] I10J;5fiCVDSISftIbTSSW± 

S»jfcLJ;3£TS**W£*«£tt«2fcltffrW\ o 

1 Pi&f&mmz 1 ~ 1 OTorrC/.tSSTMffi-ratt'b 
\Z, k-^ 3 tiotlSW^ 5 0 0-6 0 0 

\zmm-rz. 

[0 0 2 6] JPt-->>AS»#»1 ltCfcH»*tt 

©Ru(DPM) 3 £JRjtfLT^BIU ;£ £ Ktti&ftf 1 2fC,i;o 
TRu(DPM)a£-€-©#*a&T<&*2 0 0*CT?M&#*rf 
at, Ru(DPM),te#Mrr-5. i3©^XMf 13^1 

;i/3*> (Ar) ^fXS*?J3 0 0sccm©SiffiT«iS&-r«)i, 
fNSLfcRu(DPM) ,ttAr# X tttCS2 ©# 7 
£fflLT#XagAa$4 fca&ASn*. 
[0 0 2 7] t-^2 5iaoTl2©^ 

««&«7 ^^xzi^A^Rw^faftctot) i orie 
1^2 i ox;izimm-? zt, <gftx<Dmm<DMmzmmt- 
n. a*j:<ffi»&/«K£irtfc«iiesn*. ^lt, 

J*K£l rtT#X#A«4Rtf#;v>*7-*^©ft« 
£ ITl IgWKRu (DPM) 3 £ 7)V3 >© iS-&#X Stt&f 

BS2(a) \Z7F.-?£ ; 5ts.)\, ; r-01* (Ru) 13 1MS 

■ra. 

[0 0 2 8] -e-©RuBl3 l*»riEUfc«C»l©*^tt 
ie*6*aLT»* (0,) ^X*^X^Ag|5 4IC-7X7 
a-3>hn-7l:J;oTl 0 ~ 5 OsccmrotefflF^©— 
^©»it*T-*A-rai, ^X»ASB4rtT'tiK^tRu(D 

PM)jtAr*iig-&-ra. ^(Dmstf^t. ^x->^y-s 
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Zm^tztZ.*. ft«=t3J:oTttH2 (b) K^-TJ: 5 
Btffc;i/T'- I ?A!«3 2<ojgdc^pl*6^^ofc. ^(DWtit 

[0 0 2 9] M^H /£)«^ll*ICDEE*j£ 1 OTorrST 

S1£MS£5 o oic<!:bTK*#j£*o. os 

-0. 5Torr*T^b^i±fci:^5> H 3 fluk? &*S* 
**f#e>*U 8*»E0. lTorr&±Ttt*BKt<0Ruffi* 
*Sfc^Ru0 2 l*#»j£Sn, Sfc, B3K*SW, 
a*»flE5Torr*TttRutBS$*^^Ru0 2 IIS*^^$n 

[0 0 3 0] HJ-B, J&fiEE*f£l OTorriU «*#BE 
*0. lTorrJ;Ofc«<"rst, »UI/'r- , ?AI)l3 2 
* tt*HKt<&Ruffia*& Sfetl<5 d £ j&*;b*> o &. Ruffl £ 

l^^gf^t, jl/^-^Ati (Ruffl) **S5««#<D/S 

b* £ RuOjJK^O^t-— 9ABfeft«*^fifcSn 

f^^AII^7^Py<D[HflSM4i;, P>^> 

©HMb «»* s u tern t & o tjkk *swb-r * . 

[0 0 3 1] ffiR«ft&fbttK tflAtfttr.SrniO, 

r, Sr)Ti0 3 MM* 3 >x £ LTt»l:ift 

b&<&*. iiM^O. 05-5. OTorr<hbT^ 
« bfcRuO JMOtbffiifi* 4 SiftmfcK: J: 0 SH£ b fc <h d 
5, 5 0^6 0 uQcmt&O, /^l/^JgftiiRSratffl 

[0 0 3 2] &*3, 03(1 XttESfffi (XRD) £<k 
otfflgl, «Tt~^£^b;L^~^A81<Dffl 



[0 0 3 6] m.2 \z&n\i* CVDSI^^TM^n 
ft 0, ^C7)Ru0 2 lKSn>x>-y-(7)m@^bT 



1 OTorrtLT«t*»£E*»tS*TH 
2(b) iHU«k'5tttft;^-^AI!t3 2*fiKfiUfci 
S 1 \Z7*-f&otJim3k1fi&*>tl, 0. 1-6. 0 
Torr^tt^ffiTtt^K^cORuffiS^SftVigg^?^ 
£i*BI3 2**/j£fib&. b*>b, tt3t#JE**0. 0 7To 
rreiTTttRuffl€*tf«««»«*tl, IMttfffi** 



[0 0 3 3] 



StiiitfJE (Torr) 


ft 


0.05 


Ru 


0.07 


Ru 


0.1 


Ru02 


0.5 


Ru02 


0.7 


RuOz 


1.0 


Ru02 


3.0 


Ru02 


5.0 


Ru02 


6.0 


Ru02 


7.0 





[0 0 3 4] EU:tC<k?K ^SSE** 1 OTorr 
T, 5 0 0-6 0 0 TCOlEHrt fcKffi-r* 

0. 1-6. OTorriOttSR^JE-ettRufflSr^^ft^^ 
Ru0 2 «(&j£ft#^flBfc£o&. Jfcfc, J^y^KcfcoT 
»ri&Ufcfie*cORuO,«i:, CVDffiKcfcO±B*ft-ert 
SLfcRufflSr^Sft^^RuOjIKtSgU^^JB^L, ftl^ 
<£>I£5ft£, ^^^XMt»5slm , ^EE (7 6 OTorr) <D 

nm%Tx, iaaeso or, 6 o^frra&nftbjfco x/ 1 ? 

5/ ^ K cfc o T^/£ b fcS£*<7>RuO 2 ffltH SfilP^ffl« 3 
5 OttML^ ft6m<0lft»tt<tfcK: 1 0 OnmT* 
f IT, SKUsf^Sffi^^^a^H *2fcS"r<t 
SfcSfbbfc. 

[0 0 3 5] 

K2] 



50nm 200nm 



30nm 55nrn 



[0 0 3 7] SK^^P^ilJS^t Ru0 2 JBI^® 

atXRuOjieaawfcfiFaE-ra^^^Att^jR, 

H RuOjfil^©^? - 0 AWHttoHfiWtfc b TRuO 2 £Ru0 4 

t&o, *ffit»ita»fcwmbfco»ft-r«»fc«)-ea» 

£ 0 RuO,H t*8B«tT5 0 OtTMSntfe* 
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[0 0 3 8] &\Z. ^g^ftWf£gJ£2;£ 5Tor^^;:L 
Ru(DPM)j£<£fflU f(D+t'J7^Xi:Ltt7J^> 

tit±5i:)49ft. *3ft:J;titf, &l?l#ffi£2. 5 

[0 0 3 9] 
[S3] 

Ru(DPM)3€-fflOfcfiEK OSflUErt 5Torr) 



KSs^ffi (Torr) 


m 


0.05 


Ru 


0.1 


Ru02 


0.3 


Ru02 


0.5 


Ru02 


0.7 


Ru02 


0.8 


Ru02 


1.0 


Ru02 


1.5 


Ru02 


2.^ 


Ru02 


2.5 





[0 0 4 0] ^3t'cfcn«, /£gJ3E^£:5Torr, 
J££0. 1 — 2. OTorrc^^Hp^T^-r^Cl^fCJ: 

codii^e*. ;^-^AM*4^:LTRu(DPM) 3 £MfflT£ 
SMg6 0 0t, ^cfim^5- 1 OTorrO® 
HWTtt, K*#flE£0. 1-6. OTorrOffifflrttCH^ 
fe~?Z>Z.t\Z<£Q, RutB*$S«:ViRu0 2 «[*«fi!cfi*n 

[0 0 4 1] Sfc, Ru(DPM) 3 S7;U^>^/X^J:oTi5R 
**lrtfc*AU «SI*S6 0 0til/T, ^sm 
;ft£:5Torr, 1 0 Torr£ LTRu0 2 M£/&fiL<fc<h Z. ^ 

<fc5Kfcofc. H4J3ctn«, /&fi/£^£5TorrJ;0 t> 

7^Dy ^Bifio^:^ $ \z mfe? Z> £ £: WJit m £ £ ** 
:fo*>*. —55, figSJE^^l OTorrfcrTat. 

[0 0 4 2] &\Z* KfoJJTstLTRuiWM) z <DiX-fr>0lZ 

ru(c 5 h 5 ) 2 efflux as«iaft*6 o or, j&fijEass 

Torr, 1 OTorr<fcLfc«'&a>SH ; &:7 *Uz? (HA) t 
S^Et^HWSB^fctii, IB 5 3 tt» 



TorrKTtt*?*b<&V>. 

[0 0.4 3] ■tl?^ 8lRtf8 3Cckft«, 
E*«**<&5i, Ru0 2 «#«lS£fil,fc<&*. 
S^^XTfe^Ru(DPM) 3 X^Ru(C 5 H 5 ) 2 **ft#*4:# 
ft?, R)SLTift;l/r-^A^Mt *Bl:, Ru0 2 £9 
fcRu0 2 <O*fiE«k 0 *>Ru0 4 (D*J5E^*««ffi<i:&t), Mifi 

^UTRu(DPM) 3 0^^t) tCRu(C 5 H 5 ) 2 Sffl^, 

^6 0 0t:i:b, j*fiffi*£5TorriUfc«^<0»*# 

;tj£1 OTorrtbfc«^<Z)»*»JE<fcR^;^— 

[0 0 4 4] 
[*4] 



Ru(CsH5)2*ffl^3tdW ifmm* STorr) 



BS£ttJE (Torr) 




0.O05 


Ru 




Ru02 


0.03 


Ru02 


0.05 


Ru02 


0.07 


Ru02 


0.08 


Ru02 


0.1 


Ru02 


0.15 


Ru02 


0.2 


Ru02 


0.25 




0 4 5] 




5] 




Ru(C5H5)2£ffl^fctfc£ 


lOTorr) 


(Torr) 


41 


0.005 


Ru 


0.01 


Ru02 


0.05 


Ru02 


0.07 


Ru02 


0.1 


Ru02 


0.3 


Ru02 


0.5 


Ru02 


0.6 


Ru02 


0.7 





[0046] ^4<hS5*>S* Ru(C B H B ) 2 SJB^TfcRu 
*l*-&S«t^iRu0 2 IKSJBdc-rs Z. tifl^tcifi. Ruf@£ 
$S&V^Ru0 2 l«[S:f#5fc»<O»9|l»ffittRu (DPM) 3 £flH> 
**&KJfc'*T 1 flf /hS < fc 0 , Ruffi**£&^RuO 2 K 

£. £*5. JHWtfXibT, Ru(DMHPD),*ffl^ifc»^fc 
tt, Ru(DPN) 2 *ffl^fc»^i:ra«&tt*t#fc. 
(3>^>1tO^/£l1ScDl#BJ) DRAMtJl/^ 
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[0 0 4 7] if, H6(a) fc*TJ:5fc, y'Jn>S 

cosi*fcck07-<-;uFRffciR4 tn> 

MOSh7>yX^44, 4 5©y-htS43*M 

4 3C0M»K:tiMOSh7>yX?4 4, 4 5 0V- 
X, FK>i»:S5F*E«iffiiS:IB4 6 a, 4 6b^M 
^tlTt^o 0 6(a) TB\ r^2^(^)MOSh7 
>yX^4 4, 4 5©-5%0— *^*fi«bffiiiJi4 4tt 
*<Z)^F»E«it*»4 4fcttliy MIBL** 

[0 0 4 8] ZLOJcifcttJgT, B6(b) \Z^-?£o 
\Z. MOSh7>yX^4 4, 4 5 fetf? >( -)V KHtffc 

14 l*SiO,tt£OjilHl«IWR4 8-caiofcafc, MO 
Sh5>^4 4, 4 5<Dtfy hiBLW^n*: 
V^fiiJ<O^F»E«iJl£«Ji4 6 bCO±tC=3>^^7 h*— ;U4 8 
aSJgfiM-*. -t<B«fc v H6<c) 3 fc* 3> 
^ h#— ;U4 8 art^^>yXT->Xtt*Ui/UziJ: 
0a:*y5^4 9*»riEbfc«IC, (Ti) gH5 0 
ta<k5 t ^> (TiN ) BIS 1 SX/Vy^U >d/KJ;0» 
JBE-TS. cn6^)TiJl5 0 tTiN ltt, n'J7^^ 

;i/£LT8Mrr*. Tints o<o«aw3ttj«Hi*frtt, >s 

JKffi*l£ lmTorr , dcJMSSjafl!*: 3 0 0TC, /£MS?B 

fc, TiN ms inmate, ims o^j&m&mzmAT 

[0 0 4 9] B6(d) \Z^^o\Z, u>^>^ 

©«*««5 2£LT. ±EbfcCVDSl*ffl^TTi 

N JK5 l±tcRuM5 2 aRtfRu0 2 K5 2 bSrJgfiR"TS. 
RuJK5 2 aft AU 7* LT^fgf £Ti® 5 OS 
tfTiN 15 1 {C«koTT*t©RJCB**teit$n«. Ru0 2 

15 2b©MH f^M^JfcJcSfc:, RutH£r<&*&^ 

[0 0 5 0] m^x, Mo 2 m£km\zm~<DUi?x b 5 3 
ia<o««^<D*a#*-a-s. *ut, 06(e) t«-r«fc 

fg— (DU^X h 5 3 £vx^£LT^fflU 

b, RuJK5 2a, TiNJK 5 1 2&^Tifli 5 O^X^f >^ 

X 1 0" 4 Torr, -f *><DA$t& ttI&<Dte»#|6]fc:*t IT 
15 9!, X7?>yRfW47»3 0»fc"rs. 
[0051] <^->5»J >^£i&x., I-^UyX h 5 
3**J«Lfc«fc, 07(a) fciiVriSK. 



£>£(Ba,Sr)Ti0 3 ^MM5 4 i: LXX/ty & KJ; 0 
1 8 0rmm&Z>m$\Zi&m-?Z>o T.rtyP&mZ'Ol,* 
T\ X/^^J3E££2 5 mTorr, g«i&K£SnJ»-a:?\ 
/^7-SrlkW, */ty*B3HH£5#«?:"r£. 0 7 

(b) tC^fcfcpt', *fft®@5 5 tLX. RuJUt XttRu 

-r * s t ra i; k -r £o 

[0 0 5 2] Z.<D$k\Z* m~<DU>>X h 5 6 ZttfamM 

5 SCD^SfC^ftiU ^n^STt, ItbT, CO 1/ 

T, 0 7(c) \Zm-$*£o\Z, S-Ol/y^b5 6m 

fonfc^#fii««5 5av««#«t5 4*xy^>^-r 

V, l£f}&2 X 1 0~ 4 Torr\ *-><BAfWl £®Scojfe^ 

[0 0 5 3] Cco/\^-->^/^i:^Ta >^>it(7)^ 
^^^Tf^o }RCVDffifcJ:OSi0 2 JK5 7 S:2 

0 0nin<Z>/PSfc:jg/SU C^Si0 2 JK 5 7 i:J;oT3 >^ 
^fc^SSo ^0SiO 2 M5 7^g*fttlT> Si 
H 4 tN0, . <0#X£ttfflLT*«iB**3 0 0t, 

1 OTorr, j£Kftm& 1 0#£-r*. 

[0 0 5 4] Z<Dm\Z* UyXh-TX^iRIEMffi 
fflLTSi0 2 M5 7 tcMPgP (^0^) SJgfiKL, 
Si0 2 JK&^^MP^C0±f'XA^^^J:0^b^ 1 ^> 

1 0- 8 A/cm 2 , JtR«*tt2 0 0T*-^fc<> 
[0 0 5 5] #i\Z, a>^>^-hUOS h7>y7^^ 
D-^K>^-a^^ya >\Z&-DXmWtTZ>J:m$: 
mW~TZ> 0 ST, 06(a) traUi^fcftMOS hv> 
V7,$*m$L-$%» "Jk\z, 0 8(a) tc^Tck^tc, £#; 
tCRufll6 1 a(hRu0 2 J9S6 1 b Sdgt'JgfiE Lfc»(C, 
7h7X^ WHS) i<*>3U>^£ffl^TRulBt6 

1 a&(^Ru0 2 ffi6 1 b^/^-x>^LTMOS h^> 
^X^O«H<0ttlW»6 0±JC38LT»a««6 lit 

So 

[0 0 5 6] ^tlt><DWk\t, ±IBbfcC VDSBSffl^ 
T^fib, 0 6(d) K^UfcRuIRS 2 a£Ru0 2 IK5 2 b 

trai;riUR*fi=&tfrai;MiJPT»riE-r*. s/t, Ruo 2 jgi 

6 1bH Ruffij6*?¥ffib7Sti«t5/j:±IBLfcAftTfT 
3o «t45, *©-f U >^J*0*fl=tw^^T, *PiS 
«J£*lkV, E^/^2 X 1 0 -«Tori\ ^^><DA»Mi 

[0 0 5 7] m^X. 0 8 (b) (I^-Tck-S) &BS9# 
T*SPb(Zr,Ti)0 3 ^6^§Sft#R6 2IR f ^7 



(8) 
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fM-O^Ttt, XAy^JE**2 SmTorr , S«W£3? 

0 8(c) KSf J:?^ Ru<hRuO z (^-ftl^±#JT 
t>iW fta»bT»:*«XttRuKXf4Ru0 1 «^6a:* 

±i:^b5 4«a*u ^n^®^ sibtsa 

[0 0 5 8] 0 9(a) <k5 l^X 

h6 4^5»WU 6 3 &rfl»«fMll 6 2 £X 

V^ffiKcfcOfi^ iPSmjE^lkV, BEM2XlO-< 
Torr, *>©A»A*JK^fe»^fRj^MUTl 5«, 

at, 0 9(b) tc^-r^^tc, ±mzs\o 2 m6 s^cv 

Di£tCJ:D 2 0 0 nm tC^i&U fiKl^T, Si0 2 g|6 
505^, 3>r>1t^fnlf i6 5(?)±i:MOS h7 
>i?7sjr<D~ »<B^M«li£18Jl 4 6 a, 4 6b(D±(C^ 
1 3 ;i/ 6 5 a ~ 6 5 c &M!&TZ>o 

[0 0 5 9] Si0 2 JK6 5©fiJc«ft#tt, SiH 4 #X<hN 2 0 
#X£fflt^T, »SIIt*3 0 0t, ^JE^^rlOTo 
ri\ «Kl0^t§ o ±mzmt^i?> 
«t*»J*b&«fc. 09(c) fc*-r±5»C SfW t *> 

$3ffiifc/f 4 6 b<©±co»2©^;i/— ;i/6 5b*e>3 
>1tC>*f[p]«S 6 5 <D±<Dm 1 COX^— ;i/ 6 5 
aSTSStXSn— *;i/-f n^^^g >6 6 SrJgfiK 
T^^i^fC, MOS h7>y7^©ttW^«»( 
146 aO±OS3^;P-*HI/6 5 c 

tf7hiBL,»isn 0 set, £&«jimi&tuR 

6 7^ML, -€■<£> _tt3TiN S&£ffi« 6 8 *Jgj£"r 

[0 0 6 0] n>x>-y-^«a<i:bTffiffi-r-SRuKOJK 
)Ptt 1 0-5 Onm, Ru0 2 IKtt5 0 — 10 Onmtt§^ 

Ttt* ±EL)5:(Ba, Sr)Ti0 3 , Pb (Zr, Ti)0 3 (Dtmz, Sr 
Ti0 3 , PbTi0 3 , (Pb.Ln) (Zr,Ti)0 3 , Bi 4 Ti 3 0 I2 £fflt/>T 

ttfammtLT, RuiKa^Ruo 2 jRo«to 

SWXiLTH R*«ttTtt<, (0 2 ) , 

nlMfcS* (N0 2 ) , (N 2 0 ) <B5"5<&— « 

[0 0 6 1 ] 



[0 0 6 2] *<D*fUl^x#AK<B|£fiH:, ^SE* 
£ 5- 1 OTorrfcf8£-T&c:£:fc«fc 0, -C-OSS^E^* 

1 0 Onm/min gflEfc-r* £ ^ffi^^^n 

[0 0 6 3] S6t, »ft;i/T'Xi>Ari6ftWF©BHR»JE 
*6Torr£tTK:»tJfe-r*t, «+<D;P5=--£Affl**&3; 

[0 2] *^BJ(0||JS^tCfc^T;^x^AM<hffi{b 
[0 3] ^Bjo^JS^tc^W^Ki^l/T-x^AM^ 
[0 4] t*5(riTB»^Ru(DPM) 3 ^ffl 

[05] *55^^)*ifiJBffit*3liT®#4tCRu(CP) 2 

[0 6] *«WO*«S»lltfeW*^'rx»?A«, ttfls 
;l^x^AJB£<£/£fiXg£^mg 1 (ODRAMir;PCOS 
^Xg£^TI^S0 (Wl) T&3o 

[0 7] ^RWOSIIftJRJItfettS^X^ABl, Kit 

;u^x^7AJ«©fiEfixSS^tr^ l <od R AM-fe;K£>8! 

igXS^^f»fM0 (-t<0 2) T'£3o 

[0 8] *»w©*«»ttt*5W-6;^x^AM, ^fb 
[0 9] *jewo*jn»iBJc*5frt-5;i/T-xi?Aiit, ®Hb 
[0i o] a*<o»<k;i/5 L -^AiJlSi«fi'r*S«©« 

1 ^cJP^ 

2 s«3:j#sb 

3 t-^ 

4 ^rx^Aa5 

5 ->^»7 — S 
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